There is a growing concern worldwide about the prevalence of antibiotics and antibiotic resistance genes (ARGs) on the farm. In this study, we investigated the distribution of seven antibiotics and ten ARGs in fresh and dried pig feces, in biogas slurry, and in grapeplanting soil from an ecological farm. Antibiotics including sulfamethazine, norfloxacin, ofloxacin, tetracycline, oxytetracycline, and chlortetracycline were detected in these samples (except for sulfamethoxazole) in dried feces. In general, antibiotics levels in samples were in the sequence: biogas slurry > fresh feces > soil or dried feces. Results of ecological risk assessments revealed that among the seven antibiotics chlortetracycline showed the highest ecological risk. Among the ten ARGs, sulI and tetO were the most prevalent on this ecological farm. There were positive correlations between certain ARGs and the corresponding antibiotics on this ecological farm. Therefore, continuous monitoring of antibiotics and their corresponding ARGs should be conducted in the agroecosystem near the concentrated animal farming operation systems.
Introduction
Antibiotics have been extensively used in livestock to treat infections and to promote animal growth and feed efficiency. It has been estimated that approximately 30% of these antibiotics are metabolized in the bodies of animals [1] . Accompanying animal feces and urine, the majority of antibiotics and metabolites are released into environment [2] . At subtoxic levels, these antibiotics can lead to an increase in antibiotic resistant bacteria in the receiving environment [3] exerted by selection pressures on bacterial communities and, consequently, accelerating their resistance [4] . Therefore, livestock manure treatment and storage facilities have been considered potential sources of antibiotic resistant bacteria and of antimicrobial resistance genes (ARGs) in environment [5] .
Abundant antibiotics are produced in China, and most of these antibiotics have been used in agriculture. It has been reported that over 8000 t of antibiotics is used in livestock farm each year [6] . Meanwhile, abundant livestock manure wastes are generated each year. If these solid wastes have not been treated correctly, the residuals of antibiotics will be released and contaminate the soil and water. Currently, a higher level of antibiotic residues has been detected in agricultural land [7] . Manure application can also promote the spread of ARGs in soil [8, 9] . Antibiotic resistant bacteria can spread numerous combinations of multiple resistance genes located on translocative elements (such as integrons and transposons), which can transmit ARGs into many species in soil and, subsequently, to other habitats. For example, a recent report showed that a smaller number of antibiotic resistance determinants were detected in bacterial community on vegetables grown in manured soil but not on vegetables grown in unmanured soil [10] . Consequently, the transfer of ARGs should be of concern in agriculture systems. However, the discharge routes for antibiotic resistance genes 2 Journal of Chemistry from farms to the environment have received much less attention and require further study [11] .
There are approximately six million pigs in the Taihu Basin of China, and the excretion of animals in feedlots has been considered one of the pollution sources in this region. Therefore, in recent decades, farmers have been encouraged to build ecological farms where the wastewater and feces are recycled. To better understand the fate of antibiotics and ARGs on ecological farms, the present study was conducted to investigate the following concerns: (1) the fate and ecological risk of seven antibiotics (three tetracyclines (TCs), two sulfonamides (SAs), and two fluoroquinolones (FQs)); (2) the alterations of the ARGs in the ecological farm system using real-time PCR; and (3) the potential relations between antibiotics and their corresponding ARGs.
Materials and Methods

Sample Collection and Preparation.
At least seven antibiotics (SMT: sulfamethazine; SMX: sulfamethoxazole; NFC: norfloxacin; OFC: ofloxacin; TET: tetracycline; OTC: oxytetracycline; CTC: chlortetracycline) were used as additives in the pig food at subtherapeutic levels for growth promotion and improvement of feed efficiency on an ecological farm in Yixing County, Jiangsu Province, China. On this ecological farm, fresh feces from a pig farm were dried, directly used as fertilizers, or fermented for biogas production, whereas biogas slurries were further used as a fertilizer for grapes.
All samples were collected three times (one time per week) at the same sites in the dry season (March 2013). For sample time, 1 kg of mixed fresh or dried feces (from at least 30 pigs of approximately forty kg), 1 L of fresh biogas slurry, and 500 g of surface soil samples were collected. To obtain the mean level of the parameters in soil, the soil samples were selected from sites located in the center, middle, and edges of the grape garden using sterile spades and then mixed for each replicate in the lab. These samples were stored in an icebox and transported to the lab within 6 h. In the lab, pig biogas slurry was filtered through a 0.22 mm glass fiber filter, and then the solid and the liquid phases were immediately separated. All of the solid materials were freeze-dried and ground into fine powder for further analysis.
Extraction and Determination of
Antibiotics. 100 mL of filtered pig biogas slurry was collected, and its pH value was adjusted to 3.0 by using 3.0 M H 2 SO 4 before 0.25 g Na 2 EDTA was added. The extraction of antibiotics was performed according to the methods described by Xu et al. [13] , with modification. Briefly, 100 ng of 13 C3-caffeine was added to each sample as a surrogate before extraction. An Oasis HLB cartridge (6 mL, 500 mg) (Waters Corporation, Milford, USA) used for the solid-phase extraction (SPE) was sequentially preconditioned with 8.0 mL of methanol, 8.0 mL of ultrapure water, and 8.0 mL of 10 mmol/L Na 2 EDTA buffer (pH 3.0) at a flow rate of approximately 3 mL/min. All of the samples were passed through the SPE columns at a flow rate of approximately 10 mL/min. Then, the HLB column was rinsed with 10 mL of ultrapure water (pH 3.0) and dried under nitrogen gas for approximately 30 min. After drying, each cartridge was eluted with 8 mL of methanol at a flow rate of 1 mL/min. The analytes were collected into a 10 mL brown glass vial. After the volume of analytes was reduced to approximately 0.5 mL under nitrogen purge, methanol was added to a final volume of 1.0 mL.
Antibiotic extraction from pig feces, the freeze-dried biogas slurry, or the grape-planting soil was performed according to the report by Li et al. [12] . Briefly, 200 ng 13 C3-caffeine (surrogate) and 1.0 g of solid samples were well mixed in 10 mL extraction buffer (a mixture of methanol and EDTAMcIlvaine at 1 : 1 (v/v)) in 50 mL polypropylene centrifuge tubes. After vortex mixing for 1 min, the mixtures were placed in an ultrasonic bath for 15 min (water temperature 40 ∘ C) and were then centrifuged for 10 min at 3000 g. The supernatant solution was decanted into a 500 mL glass bottle, and the solid residue was extracted twice. The supernatant solutions were combined and diluted to approximately 500 mL with ultrapure water, with the pH adjusted to approximately 3.0 by using 3.0 M H 2 SO 4 . The subsequent extraction processes were the same as those processes for the water samples.
To determine the concentrations of antibiotics in the piggery and in the recipient soil, an optimized HLB-UPLC/MS/MS method was applied for the determination of the antibiotic residues in environmental samples, including air-dried pig manure, fresh manure slurry, and soil (0-30 cm in depth). A BEH C18 (100 mm × 2.0 mm i.d 1.7 m) chromatography column was employed and operated at 35 ∘ C. Optimum separation was achieved using gradient elution. The mobile phase consisted of A (water with 0.1% (v/v) formic acid) and B (methanol). The gradient was set up as follows: 0-1 min linear gradient to 10% B, 2-7 min linear gradient to 60% B, 7-9 min linear gradient to 90% B, and 8-10 min linear gradient to 100% and it was maintained at 100% for five minutes. The injection volume was 10 L, and the flow rate was 0.45 mL/min. Mass spectrometric measurements were performed on a WATERS UPLC TQD (Waters, USA) equipped with an electrospray ionization source. The analysis was performed in the positive mode for the antibiotics. The temperature of the heated capillary was 290 ∘ C, and the source voltage was set to 5.0 kV. Mass spectra of derivatives of antibiotics were identified by selected-ion monitoring (SIM); one characteristic fragment ion was monitored in addition to the molecular ion of each compound: / 254,108 (SMX); / 279,186 (SMT); / 320,302 (NFC); / 362,302 (OFC); / 445,410 (TC); / 461,443 (OTC); and / 479,444 (CTC). The concentrations of these antibiotics were calculated according to the recovery rate.
Potential Risk Assessment of Antibiotics for Farm Application.
Risks of these antibiotics on farm soil microorganisms were estimated according to the method described by Li et al. [12] . In brief, the potential concentrations of these antibiotics in the top 0-25 cm of farm soil were predicated based on the frequency and content of fecal and biogas slurry and of effluents from biogas plants in this garden. Normally, 35,000 kg fresh feces, 16,000 kg dried feces, 100,000 L biogas effluents, or 30,000 kg biogas slurry was applied to one hectare of land. Therefore, the predicted environmental concentrations (PECs) of antibiotics in soil (in milligrams per kilogram) were calculated according to the method by Spaepen et al. [14] (1).
The predicted no-effect concentrations (PNECs) of SMX, TC, OTC, and CTC in soil (in mg/kg or mg/L) were cited from Li et al. [12] :
where is the weight of biosolids applied on one hectare of farmland;
is the current concentration of veterinary antibiotics in feces, biogas slurry, and effluents; and is the mass of the top 0-25 cm of soil on farmland (in kg per hectare). For this study, a soil depth of 25 cm with a density of 1.35 g cm −3 was used. Finally, the ecological risk of antibiotics to soil microorganisms was assessed by the value of a hazard quotient (HQ) (2) [15] .
DNA Extraction and Quantification of Antibiotic Resistance Genes.
Total DNA was extracted from the air-dried pig manure, the freeze-dried biogas slurry, or the grape-planting soil using a Fast DNA-Spin Kit for Soil (Bio-Rad, Carlsbad, CA, USA) in accordance with the manufacturer's protocol. DNA extracts were quantified using a NanoDrop spectrometer (ND-1000, Thermo Fischer Scientific, Wilmington DE, USA) and a serial dilution (1 : 50-500) of DNA extracts and primers of 16S rRNA gene (Table S1 in Supplementary Material available online at http://dx.doi.org/10.1155/2015/526143) was used to find the optimal concentration of DNA. Reactions were assembled in 48-well plates to a final volume of 20 mL using SYBR Green Super Mix (Bio-Rad, Carlsbad, CA, USA) including 1 L 5 nM each primers, 10 L SYBR Green Super Mix and 1-4 L diluted DNA. The primers, along with the annealing temperatures used for the antibiotic resistance genes and bacterial 16S rRNA genes, are listed in Table S1 . qPCR reactions were performed with a program of 5 min at
95
∘ C, 50 cycles (15 s at 95 ∘ C, 30 s at the annealing temperature (Table S1 ), which was incorporated with a melting curve stage with temperature ramping from 55 ∘ C to 95 ∘ C, and an extension step at 72 ∘ C for 30 s). For the verification of correct product size, the PCR amplicons were stained with ethidium bromide and subjected to electrophoresis on 2% agarose gels.
The DNA of these target genes was amplified from ARBs and then was cloned into the pGEM-T Easy plasmids (Promega Corporation, Madison, WI, USA), which were transformed into E. coli strain TOP10 cells. 10-fold serial dilutions of plasmids ranging from 10 8 to 10 2 gene copies/ L were used to construct qPCR standard curves of these genes. The 2 values were more than 0.99 for all calibration curves. Samples were analyzed in triplicate with a standard curve, and a negative control was included in each run. Relative concentrations of ARGs (normalized to the 16S rRNA gene copy number) were calculated in each solid sample. Gene concentrations were quantified in triplicate within each assay.
Statistical Analysis.
The data were expressed as the mean ± standard errors ( = 3) for three sample times. Experimental data were analyzed by a one-way analysis of variance (ANOVA), which was followed by Duncan's post hoc analysis at < 0.05. Correlation between concentrations of antibiotics and corresponding ARGs in solid samples was analyzed ( = 12). All statistical analyses were performed with SPSS software (version 19.0).
Results and Discussion
Concentration of Antibiotics in Pig
Manure, Biogas Slurry, and Soil Samples. Significant differences in the concentrations of the seven antibiotics were observed among the dried manure, biogas slurry, and soil amended with pig manure (Table 1) . Similar levels of antibiotics were also detected in pig feces from six typical pig farms in southern China [16] . The antibiotic residues in manure may be from food as additives or from antibiotic injections [17, 18] . In fact, all of these antibiotics were detected in the feed (data not shown). These data demonstrated that livestock farms are considered an important pollution source of various antibiotics to the receiving environments [19] . The concentrations of the TC class were obviously higher than that of SAs and FQs, and CTC was found at the highest concentration in every sample, followed by TC and by OTC ( Table 2) . A previous report showed that tetracycline concentration at range of 42-698 mg L −1 was detected in manure slurry of Danish farmland [20] . A recent report also showed that tetracyclines were predominant in pig feces and that sulfonamides were common, with the highest concentration (7.11 mg kg −1 ) in 18 fecal samples from a pig farm [12] . The concentrations of antibiotics were significantly higher in fresh feces than in dried feces ( Table 1 ), suggesting that the antibiotics might be degraded or evaporated during the drying process under sunlight. Therefore, the drying process may be a better way to remove excess antibiotics in feces.
Feces and wastewaters from pig farms are used as raw materials in biogas production to prevent the pollution of surface water in China. However, the residues of antibiotics in the aqueous and solid phases in biogas slurry remain unclear. The concentrations of SAs were obviously higher in the aqueous phase than in the solid phase (Table 1) , which may be ascribed to the weak adsorption and tendency of SAs to persist in aqueous samples [21, 22] . FQs and TCs, including TC and OTC, were higher in the aqueous phase than in the solid phase, whereas CTCs had an opposite trend (Table 1) . Gao et al. [23] demonstrated that the removal of TCs was primarily attributed to sorption onto sludge in the wastewater treatment plants. These differences may be ascribed to the adsorbents and antimicrobials, which have different physicochemical properties, such as molecular structure, size, shape, solubility, speciation, and hydrophobicity [5, 24] . The high level of antibiotics in the biogas slurry (Table 1) suggests that not all of the antibiotics are biologically degraded under anaerobic fermentation conditions [25] . The residual antibiotics may have negative effects on biogas production [17] .
The concentration of antibiotics in the manure-amended soil ranged from 0.02 to 0.12 g g −1 . Concentrations of TCs were higher than any other antibiotics, indicating that the transfer from manure to the soil was responsible for their occurrence in the soil. The levels of SAs were lower than that of FQs and TCs in the soil (Table 1) . Overall, the concentrations of antibiotics in the soil were much lower than those concentrations in the manure. Recently, Ji et al. [26] found the presence of sulfonamides and tetracyclines at concentration ranges of 3.27-17.85, 5.85-33.37, and 4.54-24.66 mg kg −1 in agricultural soils adjacent to feedlots in Shanghai, China. The antibiotics released to soils by the application of manure can be degraded or inactivated to various degrees through abiotic processes, such as adsorption onto soil components, loss to groundwater or to surface water through leaching or runoff, or being taken up by plants, depending on antibiotic species and on soil properties [24] .
Potential Risk of Antibiotics to Microorganisms in the Soil.
Although the concentrations of antibiotics were low in the soil, these concentrations can have an effect on the occurrence of ARGs in bacteria. Based on the quantities of fresh feces and dried feces and the aqueous phase of biogas slurry or the solid phase of biogas slurry applied on the grape soil, the PECs of seven antibiotics in the grape soil were calculated (Table  S2 ). The PECs covered the detected concentrations in the soil (Table 1 and Table S2 ), except for NFC. The application of the aqueous phase of biogas slurry could clearly increase the concentrations of these antibiotics in the soil (Table S2) . PECs of these antibiotics ranged from 3.79 − 5 g g −1 soil
for SMT (amended with dried feces) to 8.05 − 1 g g
soil for CTC (amended with the aqueous phase of biogas slurry), indicating that the PECs and concentrations of these antibiotics in this study overlapped with the EC50 at an ecological level for aquatic organisms that was reported by Sanderson et al. [27] . Because little data concerning the antibiotic toxicity (EC50) values for soil bacteria are available compared with those values for aquatic organisms [27, 28] , the potential risks of four antibiotics to soil microorganisms were estimated according to the content of the biosolids or effluents manually applied to the soil (Table 2) . If the value of the HQ is below 1 unit, then no ecological risks are expected; otherwise, potential ecological risks may be observed. As shown in Table 2 , SMX displayed no environmental risks. SMX also had no ecological risks, although sulfonamide concentrations as low as 0.1 g g −1 soil could have a selective effect on resistant bacteria in the soil [18] . TC and OTC in fresh and dried feces and in biosolids from the biogas plant showed no environmental risks, whereas TC and OTC in the aqueous phase of the biogas slurry had high environmental risks. Among the four antibiotics, in all samples, CTC was estimated to have a HQ value above 1, except for dried feces, suggesting that the application of fresh feces, effluent, and solids from the biogas plant may result in an ecological risk to the soil bacterial community. For soils amended with feces or with biogas slurry, OTC and CTC showed higher ecological risks than SMX and TC, implying that the application of manure might contribute to the increase of residual antibiotics in the soil (Table 2) . Similarly, Li et al. [12] found that OTC and CTC were predominant in pig feces and displayed ecological risks. These results suggest that the antibiotics in effluents always have higher risk potentials than those antibiotics in biosolids. The availability of these antibiotics can be affected by various factors, such as soil types, pH, water content, soil particle adsorption, climate, microbial population, and other pollutants in soils [12] . For instance, the antibiotics in soils can be degraded or be transported to groundwater and surface waters after rainfall and irrigation events on farm [29] [30] [31] . However, the attenuation rate and leaching properties varied among different antibiotics. TCs and fluoroquinolones always have large sorption coefficient and can bind strongly to the soil matrix and thus persist longer in the soil environment than sulfonamides [29, 32] . It should be noted that in the farm biogas slurry and swine feces were always applied to soil in dry (winter-spring) season in this region, and meanwhile, the effluents of biogas slurry were frequently used to irrigate the farmland. A recent report showed that average halflife of SMT in agricultural soils was 18.6 days [33] , while, typically, generation times of bacteria range from 20 minutes to 20 hours depending on the bacterial species/strain and the conditions during which log-phase growth is occurring. Considering the complicated factors, the results in this study using conservative assumptions did not represent that there is a risk for acute toxic effects in the environment based on today's use of pharmaceuticals in this farm, but the results do not exclude the potential for chronic environmental effects [34] . Therefore, the authors suggest that extensive investigations should be performed to study the effects of pharmaceuticals on soil microorganisms or on terrestrial plants in the future.
Abundance of ARGs.
Ten ARGs were detected and they showed significant differences in concentration among these samples ( Table 3 ). The concentration of sulI was lower in fresh feces than in biogas slurry or in grape soil, whereas concentrations of sulII and sulIII were lower in biogas slurry or in grape soil than in fresh and dried feces. sulI is frequently detected in integron I, which is a kind of genetic elements that integrate or excise mobile cassette genes and can exist in manured soil for a long time [35] . The repeated application of manure may contribute to the accumulation of sul and integron I in farm soil [2, 35] . The sulfonamide-resistant bacteria and sulgenes were detected in the sample sites located in the same region and the results showed that the sample type, animal type, and sampling time can influence the prevalence and distribution pattern of sulfonamide resistance genes [36] . The highest concentration of sulA was found in the grape soil sample, followed by dried feces, fresh feces, and biogas slurry. The genes sulI, sulII, sulIII, and sulA, which encode proteins that confer resistance to sulfonamides, have frequently been detected in surface water, in agricultural soils, and in livestock lagoons [18, 36, 37] . The abundance of sul in feces was greater in this study than that reported from other regions, such as Germany [18] and USA [38] , reflecting the fact that SAs are used in an improper way at least on this farm.
Quinolones, which are among the most commonly prescribed antimicrobials in the world, are broad-spectrum drugs that appear to act by inhibiting the normal functions of bacterial type II topoisomerases, whereas the qnr genes confer resistance to quinolone [37] . In the present study, qnrS and qnrA were detected in all of the solid samples, and their concentrations were obviously higher in feces than other samples. Although it has been reported that fermentation was ineffective in removing antibiotic resistant bacteria [39] , the level of several ARGs was lower in biogas slurry than in fresh or dried feces (Table 3) .
In this study, the relative abundance of tet genes in the swine manure ranged from 10 −3 to 10 −1 , which is similar to that in swine and cattle manure in south China [5] but is higher than that in the cattle manure [38] . Among the four tet genes, the levels of tetA and tetE were always significantly higher in fresh feces than in dried feces, in biogas slurry, and in grape soil. The tetB concentration in fresh feces was lower than that in biogas slurry but higher than that in dried feces or in grape soil (Table 3) . A significant increase in the tetO level was found in biogas slurry or in grape soil compared with that in fresh feces. In terms of tetracycline resistance genes, the relative abundance of tetO was much higher (more 
